Background: Silver nanoparticles (AgNPs) are considered one of the most commonly used nanoparticles due to its broad antimicrobial activity. However, the toxic effects of nanoparticles on normal cells and living organs are still not fully determined. Objectives: the present study was designed to investigate the toxicity of silver nanoparticles on liver, kidneys, brain and spleen in mice and to explore the possible mechanisms behind it. Material and Methods: 16 male mice from local strain were randomly classified into (1) control group (2) silver nanoparticles treated group; mice were orally administered AgNPs (1mg/kg/day) for 28 days. Biochemical analysis for serum levels of liver transaminases, urea and creatinine, lipid peroxides, reduced glutathione, superoxide dismutase, total antioxidant capacity and TNF-α were done in addition to histopathological examination for the four organs. Results: silver nanoparticles treated group showed significantly elevated serum levels of liver transaminases, urea and creatinine together with significant high levels of lipid peroxides and TNF-α with significant decrease in serum levels of reduced glutathione, superoxide dismutase and total antioxidant capacity. Histopathology of the organs revealed tissue damages in AgNPs treated group evidenced by disturbed organ architecture, congestion, increased inflammatory cells with signs of necrosis. Conclusion: administration of silver nanoparticles produced remarkable toxic effects to the liver, kidneys, brain and spleen of mice, probably via activation of oxidative stress and inflammatory processes in these organs.
INTRODUCTION
Nanoparticles (NPs) are present everywhere in our surrounding environment, in air, medical devices, nanotechnology structures and even our food (Kong et al., 2011).
Nanotechnology is now becoming emerging and most encouraging field for creating new applications in medicine; however, just few nanoparticles are at present being used for medical applications. Silver nanoparticles (AgNPs) are considered the most noticeable nanoproduct (Faedmaleki et al.,  2016) .
The antimicrobial properties of AgNPs make it widely used in biomedical and consumer products This wide prevalent use of AgNPs in consumer products increases the concern about the risk of potential hazards and toxicity of these nanoparticles on human health (Yarmohammadi et al., 2014). As a result, the investigations around AgNPs have been increased in the recent years (Theodorou et al., 2014).
Biomedical studies showed that AgNPs can travel along the blood stream and accumulate in different body tissues and organs making these organs susceptible for damage and altered physiological function However, the mechanisms of toxicity and the tissues affected by AgNPs are not completely understood (Chen et al., 2016).
Increased intracellular level of reactive oxygen species (ROS) and induction of oxidative stress together with induction of the inflammatory process is suggested to be responsible for the potential toxic effects of AgNPs (Patlolla et al., 2015).
Because of the wide spread use of AgNPs in medicine and commercial products and the possibility of their potential side effects, the present study was designed to investigate the possible toxic effects of a low dose of AgNPs on some organs and the possible mechanisms of this toxicity via evaluating the histopathological, biochemical, inflammatory and oxidative stress biomarkers in mice.
MATERIALS &METHODS Animals:
Sixteen male mice weighing from (17-20 g) were procured from the central animal facility of Minia University. Animals were housed at room temperature with normal light/dark cycles. All mice were provided with commercially available normal pellet diet and water ad libitum. Animals were left to acclimatize in their new environment for one week prior to the inclusion in the experimental manipulations.
Experimental procedures and care of animals were carried out according to the guidelines of the Ethical Committee of Faculty of Medicine, Minia University.
Drugs and chemicals: Silver nanospheres 20 nm particle size of 0.02 mg/ml. in water was purchased from Sigma Aldrich Co. All other chemicals and kits used in the study were from commercially available companies.
Experimental design:
Animals were randomly divided into two main groups (n = 8):
1-Control group: animals were given distilled water orally as a vehicle for the experimental period of 28 days. for the experimental period of 28 days. N.B. LD50 was done for AgNps 20 nm in mice by ip administration using Dixon's up-and-down method and was found to be 169.39 ± 1.31 mg/kg (Elkhawass et al., 2015). In the current study we used 1mg/kg for 28 days which equal to 1/169.39 of the LD50.
At the end of the experiment, mice were anesthetized by ether after an overnight fasting, and blood was collected from the heart of animals and allowed to clot at room temperature, and then centrifuged at 3000 rpm for 15 min. The serum was collected, labeled and stored at -20 °C till the time of biochemical assays. Following blood collection, liver, kidneys, spleen and brain from mice were dissected and removed, washed with cold saline and specimens from the organs were preserved in 10% formalin and sent for histopathological examination.
Histological examination: Specimens from liver, kidney, spleen and brain tissues were fixed in 10% neutral buffered formalin solution, dehydrated in ascending grades of alcohol, and embedded in paraffin. Sections were cut with a microtome, deparaffinized with xylol, rehydrated in a graded series of ethanol, and stained with hematoxylin and eosin.
Biochemical assay: 1.
Determination of serum liver transaminases level:
Serum alanine transaminase (ALT) and aspartate transaminase (AST) levels were measured by colorimetric method, following the method described by Young, (1995).
Determination of serum urea and creatinine level:
Serum urea was measured by enzymatic colorimetric urea kit, according to the method described by Fawcett et al., (1960) .
Serum creatinine was determined using an enzymatic colorimetric creatinine kit, according to the method of Schirmeister et al., (1964) .
Determination of serum level of lipid peroxidation products:
Plasma malondialdehyde (MDA) level, as an indicator of lipid peroxidation, was determined by colorimetric method using a commercially available kit (Biodiagnostic, Egypt) as previously described (Okhawa et al., 1979).
Determination of Reduced glutathione, superoxide dismutase and total antioxidant capacity:
Plasma reduced glutathione (GSH) was measured by direct colorimetric method as reported by Floreani et al., (1997) .
Plasma superoxide dismutase (SOD) activity was measured by EIA (Cayman Chemical) according to the method previously reported by Ndisang & Jadhav, (2009).
The plasma total antioxidant capacity (TAC) assay was done by EIA (Cayman Chemical) according to the method previously reported by Ndisang & Jadhav, (2009).
Determination of plasma tumor necrosis factor-α (TNF α)
Plasma concentration of TNFα was measured by using rat TNFα ELISA kit (Biosource, USA) according to the manufacturer's protocol.
Statistical analysis: Data were presented as mean ± standard error of the mean (M ± SEM). Statistical analysis was performed using Graph pad Prism 5 software and significant difference between groups was done by student`s t-test with a P value of ≤0.05 was considered statistically significant.
RESULTS

1-Effects of silver nanoparticles administration on serum liver transaminases:
Administration of AgNPs produced a significant increase in serum ALT and AST levels (52.53 ± 5.39 and 428.5 ± 28.89 respectively) compared to the control group (21.57 ± 1.75 and 146.1 ± 6.77 respectively) ( fig.1 ).
2-Effects of silver nanoparticles administration on serum urea and creatinine:
Serum urea and creatinine levels showed a significant increase in AgNPs treated animals (77.11 ± 6.22 and 3.279 ± 0.13 respectively) as compared to control non treated animals (38.50 ± 2.75 and 1.125 ± 0.05 respectively) ( ( fig. 2 ).
3-Effects of silver nanoparticles administration on serum oxidative stress and inflammatory biomarkers:
Administration of AgNPs significantly increased the MDA level and TNF-α level (2.825 ± 0.30 and 57.19 ± 4.54 respectively) as compared to the control non treated group (0.5513 ± 0.06 and 20.29 ± 2.09 respectively) ( fig. 3 ).
4-Effects of silver nanoparticles administration on serum antioxidant biomarkers:
Treatment with AgNPs significantly decreased serum reduced glutathione (GSH) (7.43 ± 0.40) and superoxide dismutase (SOD) level (6.18 ± 0.46) and also significantly decreased serum total antioxidant capacity (TAC) level (40.14 ± 4.31) compared to the control non treated group (10.92 ± 0.96, 11.14± 0.59 and 71.98 ± 5.79 respectively) (table 1) .
5-Results of histopathological examination:
Regarding liver histopathological examination, it revealed that AgNPs treated group showed liver damage in the form of multiple foci of necrosis, fibrosis, congestion and inflammatory cells ( fig. 4 ).
Kidney sections of AgNPs treated mice showed distorted glomeruli with widened capsular space. Capillaries are congested and tubular lining cells arerarified with vaculations and pyknotic nuclei (fig. 5) as compared to normal control kidney, denoting kidney damage.
Administration of AgNPs led to splenic damage as compared to the control non treated group in the form of ill-defined diffuse white pulp, vacuolation of cells, distorted lymphoid architecture and congestion of red pulp ( fig. 6 ).
Neurotoxicity is demonstrated in brain sections which revealed that neurons shrink, become eosinophilic with vacuolations and dark pyknotic nuclei and the intercellular space among the neurocytes is increased in AgNPs (2010) , studied the kinetics of different sizes of AgNPs (20, 80 and110 nm) in rats and found that the tissue distribution of the 20 nm particles was mainly in the liver followed by the kidneys and spleen. Accumulation of AgNPs in certain organs has a direct relation with the organ toxicity development. So the distribution of AgNPs in different organs could give information about the target organs that may be exposed to toxicity (Mitchell et al., 2011) .
In the current study we tried to investigate the potential toxic effects of a low dose of small sized AgNPs (20 nm) administered orally for 28 days on different organs including liver, kidneys, spleen and brain in mice, in addition, we tried to explore the possible mechanisms of toxicity by investigating the oxidative stress and inflammation process.
The results of the current study showed that repeated oral administration of AgNPs led to pathological changes in the liver, kidneys, spleen and brain together with elevated serum level of liver and kidney biochemical markers in mice. These results are in accordance with Moradi-Sardareh et al., (2018), who injected mice with different doses of silver nanoparticles (0.25, 0.5 and 1 mg/kg) intraperitoneal for 9 days and found histopathological changes in the liver, kidney, spleen, brain and other organs, with 0.5 and 1 mg/kg doses, but contrary to our results they didn′t find significant changes in the liver and kidney serum markers which may be due to the lesser period of administration. Similarly, Sardari et al., (2012), reported histopathological changes in the spleen, kidneys and liver in rats that were treated orally with 1 or 2 mg/kg of AgNPs 70 nm for 30 days.
Regarding hepatic effects we found that AgNPs administration led to histopathological changes in the liver in the form of multiple foci of necrosis, fibrosis, congestion and inflammatory cellular infiltration in addition to significant increase in serum level of AST and ALT when compared with the control group. (2018) , showed that the intraperitoneal administration of small sized AgNPs (10 nm) in mice led to significant increase in AST with an increasing tendency in ALT. While Qin et al. (2017) , reported that only AST was significantly increased in rats after oral administration of a 0.5 and 1 mg/ kg AgNPs daily for 28 days in addition to minor pathological changes in the liver and kidneys. Contrary to our results, Pourhamzeh et al. (2016), found that oral administration of AgNPs orally to experimental rats for 28 days didn't show considerable changes in the serum level of AST and ALT when given in different doses. These results may be due to the use of large sized nanoparticles (78.59 nm) than that used in our experimental study.
Regarding effects on the kidney, the obtained results of the current study showed that AgNPs led to renal damage as indicated by histopathological changes in the kidneys in the form of distorted glomeruli, congestion, vaculations and pyknotic nuclei with increased levels of serum urea and creatinine. Other previous studies also demonstrated the presence of renal damage after oral and intraperitoneal exposure to AgNPs in rats and mice (Tiwari et al.,
2017; Moradi-Sardareh et al., 2018).
Another route of administration was done by Wen et al. (2017) , who reported increase of BUN, CR, and AST in addition to extensive damages in the kidneys, liver, spleen and thymus after intravenous administration of silver NP in rats. In contrast to our findings regarding nephrotoxicity, Recordati et al. (2016) , reported that intravenous administration of AgNPs in mice did not lead to significant pathological changes in the kidney, lung, and brain tissues. This result may be due to the use of a single dose. While  Yarmohammadi et al. (2014) , Observed significant increase in BUN without significant increase in serum creatinine after subacute dermal exposure to AgNPs in male mice. This result may be due to the use of another route of administration.
The findings of our current study reported that exposure to AgNPs showed histopathological changes in the spleen in the form of vacuolation of cells with ill-defined white pulp, distorted lymphoid architecture and congestion of red pulp which was consistent with previous studies (Wen et al., 2017,  and Sardari et al., 2012) . Moreover, Mazen et al. (2017) , reported histopathological toxicity changes in the spleen of albino rats after 28 days of administration of AgNPs which was dose dependent and was attributed to oxidative stress and inflammation.
Moreover, our current study showed neurotoxicity in the form of histopathological changes in the brain including shrinkage neurons, vacuolations and dark pyknotic nuclei with increased intercellular space among the neurocytes. This result is in accordance with Xu et al. (2015) , who reported CNS damage, with intragastric low dose (1mg/kg /day) of AgNPs in rats for 14 days, and it was attributed to the Egypt J. Forensic Sci. Appli. Toxicol.
Vol 19 (2), June 2019 inflammatory effects. Previous studies have shown that intraperitoneal injection of AgNPs led to disruption of blood brain barrier (BBB) with silver being accumulated in the brain tissues and induced neurotoxicity in rats (Lebda et al., 2018) . Also, in another study by Trickler et al. (2010) , found that AgNPs led to increased permeability of blood brain barrier in the endothelial cells of the rat brain through a proinflammatory response. However, another study has been suggested that AgNPs crossed BBB of rats without affecting its permeability and led to neuronal toxicity in the hippocampus of rats (Dan et al., 2018) .
In this study we used small sized AgNPs as previous studies have been indicated that small sized AgNPs has more organ accumulation and more toxic effects than larger nanoparticles (Beer et  al., 2012) . This was also confirmed by Elkhawass et al. (2015) , and Cho et al. (2018), who found that smaller AgNPs (20 and 10nm) has been induced more severe symptoms than larger particles in mice after intraperitoneal administration, suggesting that the toxic effects of AgNPs has a direct relation to the size of its particles.
It has been suggested that the compounds containing nanoparticles can lead to toxic effects by increasing free radicals formation and inducing inflammatory responses (Dhasmana et al., 2017) . Owing to that, in this study we tried to investigate the mechanisms of toxicity of AgNPs by evaluating the potential effects of AgNPs on oxidative stress markers by measuring the serum level of the lipid peroxides MDA and measuring the serum level of GSH, SOD and TAC with evaluation of the inflammatory response by measuring the serum level of the proinflammatory cytokine TNF-α in mice.
We found that exposure to AgNPs significantly increased serum level of MDA when compared to control group which may denote increased oxidative stress. This result support some other researches who reported increased serum and tissue levels of MDA after AgNPs administration in rats and mice in comparison to control non treated group (Adeyemi & Faniyan, 2014; Moradi-Sardareh et al., 2018).
Moreover, our results showed that the serum level of GSH, SOD and TAC significantly reduced after repeated oral administration of AgNPs for 28 days which is consistent with the results of Ansar et al. (2017) .
Increased serum level of MDA together with reduced serum levels of GSH, SOD and TAC indicates accumulation of reactive oxygen species (ROS) and oxidative damage. These results are consistent with other studies that reported ROS induction and oxidative stress has been implicated as reasons of Taking all our findings together we assume that cytotoxicity due to silver nanoparticles in our experiment is attributed to be occurred through oxidative stress and inflammation as shown by reduction of serum levels of GSH, SOD and TAC with increased serum level of the MDA and increased serum level of the proinflammatory cytokine TNF-α.
CONCLUSION
We concluded that, repeated oral administration of small sized AgNPs (20 nm) were found to have a remarkable toxicity on different organs as liver, kidneys, spleen and brain in mice and the possible mechanisms of their toxicity is attributed to the free radical production with stimulation of oxidative stress and inflammatory responses.
RECOMMENDATIONS
• Silver nanoparticles must be used with caution.
• Further studies about the protection against AgNPs toxicity must be done.
• Periodic checkup for those individuals who are more prone to the risk of exposure to AgNPs. Tests,  4th ed. AACC Press, Washington 1995; 3-16.
